The measurement and analysis of people's knowledge on scientific topics, such as climate change, is challenging for researchers. One reason is that objectives are multi-dimensional and that probability is inherent. Moreover, uncertainties can exist on the individual's level among the public, but are rarely grasped by existing scales. Therefore, researchers must thoroughly consider what to measure and how. This paper theorizes five different dimensions of climate change knowledge. Three response scales including different degrees of confidence are applied on data from a German online survey (n = 935); empirical results of multivariate regression analyses on attitudes are compared. Results highlight the importance of distinctively measuring dimensions and types of knowledge. 
Introduction
The media play an extremely important role in the dissemination of climate change information to the public [e.g., Schäfer, 2007; Storch, 2009; Weingart, 2001] . Only few other scientific topics have received a comparable amount of news media attention in the past two decades [Kirilenko and Stepchenkova, 2012; Painter, 2013; Pearce et al., 2014; Schäfer, Ivanova and Schmidt, 2014; Trumbo, 1996; Weingart, Engels and Pansegrau, 2000] . Between 1996 and 2010, the German quality newspaper Süddeutsche Zeitung published an average of 500 articles on climate change per year [Schäfer, Ivanova and Schmidt, 2014] .
Climate change presents a prime example of a highly complex scientific topic with a high degree of abstraction [Knorr-Cetina, 2002; Sluijs, 2012] . Multiple scientific disciplines contribute to the process of gaining and interpreting scientific results, which can be conflicting. Also, the degree of certainty within climate related statistical models and projections varies such as those covered in the IPCC (Intergovernmental Panel on Climate Change) reports [Hulme and Mahony, 2010; Painter, 2013] . However, individuals must make everyday decisions based on knowledge about climate change.
Media messages carry the potential to enable audiences to develop and enhance knowledge, and thus shift attitudes and behavioral intentions. But, exposure to media about climate change and climate sciences does not guarantee comprehension. Perceived familiarity towards the scientific topic and factual knowledge were found to be different constructs as they are predicted differently by media use, although they are slightly correlated [Ladwig et al., 2012 , for the issue of nanotechnology]. In order to acquire new knowledge through media coverage on climate science, individuals require scientific literacy. To interpret scientific results on climate change, recipients must understand the principal idea behind 'probability' and 'uncertainty'.
While an ongoing debate remains about the role of uncertainty in science communication [Heidmann and Milde, 2013; Keohane, Lane and Oppenheimer, 2014; Maslin, 2013; Painter, 2013; Rauser et al., 2014] , it is rather unclear which effects this may have on audiences. While 'uncertainty' represents a common characteristic of media coverage on climate change [e.g., about the IPCC reports, see Painter, 2013] , few empirical studies on its effects exist [Retzbach and Maier, 2014; Ryghaug, Sørensen and Naess, 2011] . According to Ryghaug, Sørensen and Naess [2011] , a main effect of the uncertainty discourse related to climate change occurs when audiences get uncertain themselves, for example, about what is assumed to be climate friendly behavior.
In this paper, we argue that in order to measure media effects, researchers must consider and grasp the uncertainties of an individual's knowledge on climate change and climate sciences. Scholars have criticized that empirical research on people's knowledge about scientific issues often suffers from weaknesses and inconsistencies in the concept and measurements of knowledge [Connor and Siegrist, 2010; Durant et al., 2000; Ladwig et al., 2012; Pardo and Calvo, 2002] . To meet this critique, this paper theorizes five different dimensions of knowledge about climate change and takes the degree of uncertainty into account.
Therefore, it seems necessary to consider previous research on people's knowledge on science issues. One popular but often criticized model in science communication is the knowledge deficit model. This model assumes that the general public (in contrast to science) is ignorant regarding scientific topics [Royal Society of London, 1985] . The main drivers for increased knowledge consist of information and education. The more knowledge or scientific literacy one has, the more positive one's attitudes towards science and scientific issues are [Gustafson and Rice, 2016 ; Royal Society of London, 1985] . Understood conversely, this means that "low levels of scientific literacy result from a lack of information" [Kahlor and Rosenthal, 2009, p. 381] and in more skeptical opinions about science. Empirical studies have shown inconsistent, primarily minor to non-significant, correlations between media use and knowledge as well as between knowledge and attitudes [e.g., Allum et al., 2008; Arlt, Hoppe and Wolling, 2011; Lee and Scheufele, 2006; Lee, Scheufele and Lewenstein, 2005; Nisbet et al., 2002; Taddicken, 2013; Taddicken and Neverla, 2011; Zhao, 2009] . As a consequence, scholars evaluate the knowledge deficit model as 'too simplistic' [e.g., Gustafson and Rice, 2016; Sturgis and Allum, 2004] . Thus, this paper aims to extend the basic assumption of this model by evaluating how different concepts and measurements of knowledge affect attitudes towards climate change.
Although Sturgis and Allum [2004] When studying the state of research on measuring knowledge about climate change, it becomes clear that knowledge is often hard to distinguish from, or at least is strongly intertwined with, perceptions, beliefs and cultural cognitions [e.g., Kahan, 2015; Lombardi, Sinatra and Nussbaum, 2013; McCright and Dunlap, 2011; Zhao et al., 2011] . Kahan [2015, p. 37] This paper discusses appropriate concepts and measures of knowledge, not only with regard to survey questions, but also in light of data analysis through the use of empirical data from a survey among German Internet users. The first step is therefore to discuss what to measure, in order to differentiate and systematize the diverse dimensions of climate related knowledge people can have. The second step will be to deal with the question of how to measure climate related knowledge and which response scales are suitable to detect what kinds of knowledge media users have, where they lack information, are uncertain and where they show misperceptions, that is perceptions which do not correspond with the current scientific consensus. Publications often neglect to describe how researchers (re-)code for data analysis in different response formats. We will therefore present and discuss this aspect in detail. As a final step, we will use multivariate regression models to test and compare whether differentiations benefit the total explained variance (R 2 ) of explaining attitudes towards climate change. This will shed light to the disentanglement of knowledge and attitudes.
What to measure: dimensions of (climate change) knowledge
Previous research in the field of climate sciences has on occasion addressed the process of how to record knowledge across space and time [e.g., Miller, 1998; Pardo and Calvo, 2002] . Although it may appear more challenging than the measurement of subjective knowledge [e.g., Evans, 2011; McKercher, Prideaux and Pang, 2013] , most scholars collect objective knowledge [e.g., Connor and Siegrist, 2010; Tobler, Visschers and Siegrist, 2012] .
But what level of knowledge can, or even should, scientists expect individuals to know about a particular issue?
In the case of climate change, the IPCC report frequently functions as knowledge bearer and reference for climate change knowledge [Engesser and Brüggemann, 2016] . If climate change knowledge is measured in questionnaires, it mainly reflects the current scientific consensus. Most scholars measure the causes of climate change [e.g., Bråten and Strømsø, 2010; Nolan, 2010; Sundblad, Biel and Gärling, 2009] . In particular, scholars frequently measure whether human activities represent the (main) cause of climate change. Very few reception studies measure different dimensions of (climate change) knowledge.
To reflect on different dimensions of knowledge, we propose to apply the general differentiation summarized by Kiel and Rost [2002] for its applicable focus that stems from didactics and educational sciences. This framework takes individual and social relevance of knowledge into account. Kiel and Rost [2002] distinguish between four types of knowledge, each according to their unique functions.
The first type is orientation knowledge, which serves to enable people in orienting themselves in the world, while not necessarily having to be applied immediately. It is understood as broad knowledge about various matters in the world. In relation to the climate issue, one can already speak of orientation knowledge when people know about the fact that there is anthropogenic climate change. In environmental psychology, this form has been investigated as "environment system knowledge" ["declarative knowledge", Kaiser and Fuhrer, 2003] . In relation to climate change, reference can also be made to "origin knowledge". This means that recipients know that (a) climate change exists, and (b) this climate change is caused by human influence (e.g., the increase in the level of greenhouse gases). Here, we refer to this dimension as (1) causal knowledge.
However, if recipients have knowledge about climate change and its anthropogenic origins, this does not necessarily denote that they know the precise meteorological or physical contexts. For this function, Kiel and Rost [2002] suggest the term explanation and interpretation knowledge. They refer to information, which goes beyond awareness about the existence of certain phenomena but includes explanations. This type of knowledge can cover both models and theories [Kiel and Rost, 2002] . Since it is highly unlikely that people who do not work in the climate sciences have acquired knowledge about specific climate models, it is suggested here to investigate more selectively what they know about basic climate scientific facts ((2) basic knowledge), and what they know about the consequences of climate change ((3) effects knowledge). Basic knowledge is comprised of, above all, knowledge about CO 2 , the greenhouse effect and the hole in the ozone layer. Here, knowledge about the consequences is not just knowledge about the increase in the average global temperature. Instead, much more specific knowledge should be recorded in survey studies, such as knowledge as to whether an increase in precipitation is to be anticipated to the same degree in all regions worldwide, or what the effects of the melting Arctic Circle are.
As third function of knowledge, Kiel and Rost [2002] indicate understanding, which relates to human actions, practices, methods and strategies. In relation to the reception of climate change communication, it is particularly interesting if recipients have certain information as to which everyday activities generate a high level of CO 2 and which lead to a low 'CO 2 footprint'. Accordingly, this knowledge is referred to as (4) action-related knowledge [Kaiser and Fuhrer, 2003 ; see also Tobler, Visschers and Siegrist, 2012] .
Finally, the fourth type is defined as source knowledge [Kiel and Rost, 2002] and refers to the origins of knowledge and where they can be found (e.g., in the library or on Wikipedia). Here, it is of particular relevance how recipients perceive the climate sciences, which produce knowledge about climate change and are thus the central 'knowledge source'. Nisbet et al. [2002] have described this knowledge as "procedural science knowledge", since it comprises knowledge about the process of gaining knowledge. This dimension also covers the recognition of the transient, incomplete, and contradictory nature of results generated by the (climate) sciences and reflects, whether recipients know that (climate) sciences can never offer universally valid answers with a zero percent error probability. As recommended by Bauer, Allum and Miller [2007] and Miller [1983] , this dimension completes knowledge about scientific issues, such as climate change ( (5) [Miller, 1998 ]. Kahlor and Rosenthal [2009] analyzed corresponding answers on definitions and explanations of climate change and subsequently coded them by complexity and accuracy. Anik and Khan [2012] categorized respondents by their level of knowledge based on their given answers. In contrast, in telephone surveys, so-called "multi-part questions" were asked, such as whether "the Earth goes around the Sun, or the Sun goes around the Earth?" [Miller, 1998, p. 208] . Next, we will discuss three more widespread concepts in detail: the closed-ended true-false quiz, the threefold distinction of informed, uninformed and misinformed respondents and a combination of knowledge and confidence.
Closed-ended true-false quiz: knowledge and deficiencies in knowledge (A1) As open-ended questions lack practicability in survey studies [National Academies of Sciences, Engineering and Medicine, 2016] , the "closed-ended true-false quiz" 1 soon became the most popular form [Pasek, Sood and Krosnick, 2015] in which survey participants assess true and false statements ["The center of the Earth is very hot." -true or false?, National Academies of Sciences, Engineering and Medicine, 2016, see alternative A1 in Figure 1 ]. A standard method of determining their present knowledge is to count the correct answers given by those questioned [e.g., Bråten and Strømsø, 2010; Dijkstra and Goedhart, 2012; Nolan, 2010; Vignola et al., 2013] or to build a mean index ranging from 1 (knowledge on all items) to 0 (no knowledge) [Tobler, Visschers and Siegrist, 2012] . The more points or the higher the mean, the more knowledge is present. Studies using the dichotomous distinction mainly focus on discovering either existing knowledge or knowledge gaps. However, this option neglects a 50 percent probability of choosing the correct answer by chance. Furthermore, researchers cannot be certain whether respondents picked the incorrect answer because they did not know how to respond or because they are misinformed about the issue in question. We therefore suggest considering two alternatives for the measurement of (climate change) knowledge in the following. Threefold distinction: informed, uninformed and misinformed (A2)
Most notably, Kuklinski et al. [2000] suggest a threefold distinction into being informed, uninformed or misinformed. "To be informed requires, first, that people have factual beliefs and, second, that the beliefs be accurate. If people do not hold factual beliefs at all, they are merely uninformed. [. . . ] But if they firmly hold beliefs that happen to be wrong, they are misinformed" [Kuklinski et al., 2000, pp. 792-793] . It is believed that misinformation leads to more problematic attitudes and behavioral intentions than no information [in the field of political communication: Kuklinski et al., 2000; Pasek, Sood and Krosnick, 2015] . For some questions, results may yield no behaviorally significant difference as to whether citizens do not respond to a knowledge question or give the wrong answer. However, for questions about climate friendly activities, being misinformed or being uninformed may result in different attitudes and behaviors. For example, someone who does not know whether taking a train or driving a car causes more CO 2 may alternatingly take the car or the train. In contrast, misinformed people may always drive the car.
This threefold concept is frequently applied in survey studies by including a third response option such as "I don't know" [e.g., Dijkstra and Goedhart, 2012; Tobler, Visschers and Siegrist, 2012] . For data analyses, however, most scholars include only the correct statements in sum or mean indices just as in the dichotomous distinction [e.g., Connor and Siegrist, 2010; Tobler, Visschers and Siegrist, 2012 ]. An alternative is to count misinformation (-1) as negative knowledge in a mean index additionally to information (+1, see A2 in Figure 1 ).
Combination of knowledge and confidence (A3)
What precisely is behind the correct or false responses to the knowledge questions?
Sociological research has highlighted the importance of examining further facets of knowledge and ignorance [Ravetz, 1993; Stocking and Holstein, 1993] . Referring to expert knowledge, Janich, Rhein and Simmerling [2010] show, based on Ravetz [1993] , that there is a 'knowledge about one's own knowledge'. Some scholars suggest that certainty about one's own knowledge (confidence) can supplement the dichotomous or threefold concepts with further differentiations [e.g., Flynn, Nyhan and Reifler, 2017; Kuklinski et al., 2000; Pasek, Sood and Krosnick, 2015] . As a result, four different combinations emerge in addition to the category "no information" (see Figure 1 ). Confidently held correct information denote certain knowledge. People who are not sure about the accuracy of their correct answer do not hold correct information confidently. In contrast to the first group mentioned, the second reports uncertainties. In case of climate change, this might lead to less climate friendly attitudes or behaviors, even though both groups are equally informed. Moreover, the differentiation of misinformation according to confidence is emphasized. "It is one thing not to know and be aware of one's ignorance. It is quite another to be dead certain about factual beliefs that are far off the mark" [Kuklinski et al., 2000, p. 809] . Hence, misinformation consists of two categories: not-confidently held misinformation and misperception. These categories refer to information people feel confident to be true despite a lack of congruence to scientific consensus. Concerning climate change knowledge and action-related knowledge especially, misperceptions might be problematically linked to everyday activities that lead to a high 'CO 2 footprint' although people are convinced that they act in a climate friendly way. 2 "Misperceptions are prevalent in a number of ongoing debates in politics, health, and science" [Flynn, Nyhan and Reifler, 2017, p. 129] and may spread as conspiracy theories or 'alternative facts,' for instance, via online media. In order to develop effective communications strategies, survey studies need to identify 'misperceivers'. Not only can misperceptions have a negative impact on attitudes and behaviors, but because of an individual's high level of confidence and their profound perception of being right, this group is least likely to be corrected [Flynn, Nyhan and Reifler, 2017; Kuklinski et al., 2000] .
Most of the scholars who have considered confidence [Kuklinski et al., 2000; Shephard et al., 2014] or certainty [e.g., Alvarez and Franklin, 1994; Krosnick et al., 2006; Pasek, Sood and Krosnick, 2015; Sundblad, Biel and Gärling, 2009] in their knowledge measures in survey studies, have included one additional question for each knowledge item. Knowledge and certainty are combined in a second step as to study possible linkages between inaccuracy and confidence [Kuklinski et al., 2000] . However, this procedure leads to a doubling of items. For this reason, a five-point scale from 1 "disagree entirely" to 5 "agree entirely and in full" similar to Lombardi, Sinatra and Nussbaum [2013] and Reynolds et al. [2010] is suggested here. This Likert scale saves considerably more space and still covers all five types of knowledge presented (see Figure 1 ).
The introduction of these three concepts of measurement warrants an additional research question:
RQ2: To what extent do results on climate change knowledge vary across different response formats?
The knowledgeattitude interface
Previous research on the interface of knowledge and attitudes toward science and scientific topics has mainly detected small to no effects or found conflicting results [e.g., Arlt, Hoppe and Wolling, 2011; Lee, Scheufele and Lewenstein, 2005; Lee and Scheufele, 2006; Nisbet et al., 2002; Taddicken, 2013; Taddicken and Neverla, 2011; Zhao, 2009] with often long-scale consequences such as the rejection of the knowledge deficit model. However, although the idea of attributing the disbelief in human-made climate change to low levels of knowledge and science literacy is not the only explanation for public conflict over this issue [Kahan, 2015] , it is still reasonable to assume some kind of relationship. It was argued above that methodological shortcomings might be accountable for the lack of empirical proof. From a recipient's perspective, the different dimensions and types of knowledge based on the combination with certainty or confidence might affect people's attitudes or perceived relevance to act in different ways.
From a communicator's perspective, these people with different types of knowledge need to be addressed by different communicative actions. As noted by Ko [2016, p. 432 ], "it is not the lack of knowledge that communicators must address, but rather the tackling or 'negotiating with' [. . . ] misinformation, myths and incorrect beliefs that is the problem". Therefore, both perspectives highlight the significance of the distinct measurement and analysis of knowledge as well as correlations between knowledge and attitudes.
Thus, this paper answers a third research question:
RQ3: To what extent do results of regression analyses on attitudes toward climate change (problem awareness, willingness to assume responsibility, attribution of responsibility to public agents) differ based on different dimensions and the operationalization of climate change knowledge (A1, A2, A3)?
Method

Questionnaire and sample
The research questions were analyzed with the help of an online access panel survey. Germans were questioned in a longitudinal study in three waves from 2013 to 2014 regarding their knowledge, attitudes, and media use on the scientific topic climate change. Quota sampling was used in the first wave according to age, sex, and federal state to be representative for Germany. The survey data used for this paper originates from the third wave, collected in October 2014 (with a time lag of ten months to the second wave). On average, the participants needed approximately twenty minutes to fill in the online questionnaire. Cases with too many missing values on the variables of interest were excluded which resulted in a final sample size of n = 935 (see Table 1 ). 
Measures and re-coding of knowledge
In their study, Tobler, Visschers and Siegrist [2012] established four scales for climate change knowledge and tested them in a mail survey among Swiss respondents (n = 916). These scales cover the first four dimensions introduced above and were applied here. For measures of causal knowledge, Tobler et al.'s "knowledge concerning climate change and causes" was used (see Table 3 ). Basic knowledge was measured by the scale "physical knowledge about CO 2 and the greenhouse effect" and effects knowledge by the scale "knowledge concerning expected consequences of climate change" (see Tables 4 and 5 ). For action-related knowledge, the correspondent scale by Tobler, Visschers and Siegrist [2012] was applied (see Table 6 ). Additionally, items were developed to cover the last dimension of scientific knowledge according to considerations by Kiel and Rost [2002] . The scale of procedural knowledge collects information about the recipients' understanding of how scientific findings are developed [Bauer, Allum and Miller, 2007; Miller, 1983; Nisbet et al., 2002; Taddicken and Reif, 2016] in climate research (see Table 7 ).
The levels of difficulty vary among items in each dimension. While some items can be considered as simple general knowledge, for others, expertise is required. This includes statements that are correct according to the current state of research, and to which agreement must be given, as well as items, which should be regarded as incorrect and thus rejected.
In contrast to the recommendations by Tobler, Visschers and Siegrist [2012, ; "true", "false", "don't know"], a five-point response scale from 1 "disagree entirely" to 5 "agree entirely and in full" 3 is employed here. However, it must be noted that this scale does not reflect a linear gradation of knowledge. Respondents who have opted for 1 "disagree entirely" do not know less about climate change than people who selected the middle range, which implies that they are uninformed. In order to compare all three concepts and methods presented in Figure 1 , this response scale was recoded twice into the threefold as well as the dichotomous differentiation.
Attitudes are measured by three indices on the same five-point Likert scale (please see Taddicken and Reif [2016] for a list of items). Problem awareness, according to Taddicken [2013] and Taddicken and Neverla [2011] , denotes the degree to which respondents rate climate change as problematic issue. According to Wippermann, Calmbach and Kleinhückelkotten [2008] , the degree to which respondents think that single citizens can take climate-protective actions (willingness to assume responsibility) or public agents are responsible (attribution of responsibility to public agents) was measured.
Data analyses
Mean indices were created for each concept and knowledge dimension (see Table 2 ). The additionally developed scale with nine knowledge items about processes in the climate sciences has a higher reliability (α = .83) than all other scales tested by Tobler, Visschers and Siegrist [2012] (47 ≤ α ≥ .76). Factor analyses for all Tobler, Visschers and Siegrist [2012] scales showed that the incorrect statements tend to load on a second factor. Thus, low reliability values can be explained by the measures and indicate that participants generally tend to agree to statements asked in the survey. However, for comparability we decided in favor of the existing scales not to delete items.
First, descriptive frequencies are presented on a single item and mean level (RQ1) which allow for comparison with the Swiss study of Tobler, Visschers and Siegrist [2012] . Results are compared across different response formats (RQ2). Further, linear regression analyses are conducted to contrast the predictions of different knowledge dimensions on attitudes across the three concepts (RQ3).
Results
In the following section, the results according to the three research questions are presented.
Knowledge about climate change (RQ1)
Based on the frequencies of each item, the proportion of respondents with different types of knowledge are discussed for each dimension. Overall, our data reflects fewer percentages of correctly informed and higher proportions of uninformed and often misinformed respondents than the Swiss sample. However, Tobler, Visschers and Siegrist [2012] were unable to differentiate between misinformation and misperceptions. Our data found that for most items about climate change, the Note: n = 935; M = mean, SD = standard deviation, α = Cronbach's alpha; means cannot be compared line by line as they are based on different concepts of knowledge; A1 = dichotomous concept (0 ignorance /1 knowledge), A2 = threefold concept (-1 misinformation / 0 no information / 1 correct information), A3 = combination of knowledge and ignorance (1 misperception / 2 not confidently held information / 3 no information / 4 not confidently held correct information / 5 confidently held correct information).
smallest group of respondents are confident that their misinformation is correct and thus have misperceptions, as assumed by other scholars [e.g., Kuklinski et al., 2000; Pasek, Sood and Krosnick, 2015] . Often, more respondents have confidently held correct information than uncertain knowledge.
Causal knowledge
Similar to the Swiss sample, most German respondents are well informed concerning the increase in CO 2 and greenhouse gases in general, which is mainly caused by human activity (items 1-3, see Table 3 ). Respondents are particularly uninformed about the fact that the 1990's were globally the warmest decade of the past century.
A higher level of difficulty (or a tendency to agree to all statements) is manifested by the higher number of misinformed respondents for both incorrect statements.
Basic knowledge
In this sample, the main proportion of people are knowledgeable on the first three items about the basics regarding greenhouse gases (see Table 4 ). Incorrectly formulated statements seem to be more difficult to answer correctly. Especially high proportions of the uninformed can be found in the statements regarding the harmfulness of CO 2 and methane (items 4, 6). A very high number of participants (54%) are misinformed regarding the linkages between ozone hole and greenhouse effect and 30 percent even report confidence about knowing that the ozone hole is the main cause of the greenhouse effect. The Cronbach's alpha value of .47, however, must be critically noted.
Effects knowledge
Most German respondents surveyed agree to an expected increase in extreme weather events and the melting of polar ice for the next decades (see items 1 and 2 Table 3 . Frequencies for causal knowledge in % ("knowledge concerning climate change and causes" according to Tobler, Visschers and Siegrist [2012, p. 197] ).
Items
Frequencies in percent 1. The global CO 2 concentration in the atmosphere has increased during the past 250 years.
2. The increase of greenhouse gases is mainly caused by human activities.
3. With a high probability, the increase of CO 2 is the main cause of climate change.
4. Climate change is mainly caused by natural variations (such as changes in solar radiation intensity and volcanic eruptions).
5. The last century's global increase in temperature was the largest during the past 1,000 years.
6. The '90s were globally the warmest decade during the past century.
7. Today's global CO 2 concentration in the atmosphere already occurred in the past 650,000 years. (-)
Note: n = 935; response scale: "1 disagree entirely", "2", "3", "4", "5 agree entirely and in full"; α=.76; (-) denotes items with incorrect statements, which had to be reversed; frequencies are rounded; frequencies below 3% are not reported.
in Table 5 ). There is neither a high number of uninformed, nor misinformed and more than half the sample is confident about their correct information. A possible reason for this might be that, future scenarios are often presented in relation to climate change in German mass media.
Most incorrect statements seem to be more complex for the respondents. Here, a higher lack of information and more misinformation and misperceptions are present. About 16 percent of respondents confidently and incorrectly believe in an overall rise of the sea level (item 4) and 17 percent believe that a precipitation increase is expected in every region worldwide (item 6).
Action-related knowledge
Although the order of items concerning the frequencies of informed respondents differ when compared to the results presented by Tobler, Visschers and Siegrist [2012] , most respondents in our sample are well informed about the first five Table 4 . Frequencies for basic knowledge in % ("physical knowledge about CO 2 and the greenhouse effect" according to Tobler, Visschers and Siegrist [2012, p. 196] 2. Carbon dioxide (CO 2 ) is a greenhouse gas.
3. Greenhouse gases partly retain the Earth's heat radiation.
4. CO 2 is harmful to plants. (-) 5. The ozone hole is the main cause of the greenhouse effect. (-) 6. At the same quantity, CO 2 is more harmful to the climate than methane.
(-)
Note: n = 935; response scale: "1 disagree entirely", "2", "3", "4", "5 agree entirely and in full"; α=.47; (-) denotes items with incorrect statements, which had to be reversed; frequencies are rounded.
action-related items. The highest proportion of misinformed and lowest proportion of correctly informed respondents is found in the statement about emission rates of diesel-compared to petrol-engines (item 9, see Table 6 ).
Procedural knowledge
All but one item on uncertainty and complexity of scientific results were answered correctly by a large proportion of respondents (see Table 7 ). Overall, very few participants (10% or less) stated misinformation and only one to three percent reported misperceptions. Interestingly, the percentage of correctly informed but uncertain respondents is often higher than the number of respondents who are confident about their correct information. This might reflect a higher level of uncertainty about how the climate sciences really work. Nevertheless, this conceptualization only detects effectively if survey participants are correctly informed about results and procedures in the climate sciences and not the degree to which they trust scientists.
In summary, the means of the first four knowledge dimensions are very similar when the first measurement option (A1) is used and only correct answers are counted. On average, respondents answered about half of the items per dimension correctly (see Table 8 ). Tobler, Visschers and Siegrist [2012] reported higher means by using the same indices. The respondents in our study knew slightly more about the effects and causes of climate change than basic physical knowledge about Table 5 . Frequencies for effects knowledge in % ("knowledge concerning expected consequences of climate change" according to Tobler, Visschers and Siegrist [2012, p. 199] 
(-)
Note: n = 935; response scale: "1 disagree entirely", "2", "3", "4", "5 agree entirely and in full"; α=.54; (-) denotes items with incorrect statements, which had to be reversed; frequencies are rounded; frequencies below 3% are not reported.
greenhouse gases and action-related knowledge. As already discussed at a single item level, the highest proportion of respondents indicate correct understanding about items of the introduced scale of procedural knowledge. Although the mean differences between the dimensions are rather small, they indicate that distinctive measures are beneficial.
The reproduced correlation table with all knowledge dimensions and education, reports mainly medium sized correlations (.35 ≤ r ≥ .54) between the different knowledge dimensions similarly to the results by Tobler, Visschers and Siegrist [2012] . Further, the linkage between procedural knowledge and all other dimensions is positive and medium sized and weaker but significantly positive correlations were found between knowledge indices and education (.09 ≤ r ≥ .30).
Comparison of results according to A1, A2, A3 (RQ2)
What exactly are the differences in the descriptive results depending on the response scale? Table 6 . Frequencies for action-related knowledge in % ("action-related knowledge" according to Tobler, Visschers and Siegrist [2012, p. 200] 3. Lettuce from a heated greenhouse causes less CO 2 emissions than field-grown lettuce. (-) 4. Reducing the temperature of a gas-heated room by 1 degree decreases CO 2 emissions.
5. The production of 1 kg of beef produces more greenhouse gases than the production of 1 kg of wheat.
6. A large part of CO 2 emissions in Germany is produced by heating.
7. On short-haul flights (e.g., within Europe) the average CO 2 emission per person and kilometer is lower than on long-haul flights (e.g., Europe to America). (-) 8. In a nuclear power plant, CO 2 is emitted during the electricity production.
9. A diesel-engine vehicle causes more CO 2 per person and kilometer than a comparable petrol-engine vehicle. (-)
Note: n = 935 response scale: "1 disagree entirely", "2", "3", "4", "5 agree entirely and in full"; α=.56; (-) denotes items with incorrect statements, which had to be reversed; frequencies are rounded.
At the single item level and compared to the Swiss study, some differences in the frequencies of informed, uninformed and misinformed survey participants were detected, here. These findings may indicate that the German respondents are, in fact, less knowledgeable and more uninformed and misinformed than the Swiss respondents. However, as both samples were not fully representative and because of the fact that Internet users were studied here in contrast to the Swiss study, a sampling effect is more likely. Furthermore, the five-point Likert scale used in this study (A3) may have led to a more scattered distribution than the threefold option (A2) used by Tobler, Visschers and Siegrist [2012] at the single items level. Nevertheless, the Likert scale demonstrably gives scholars more information about why survey respondents answered a knowledge statement correctly or incorrectly. 2. Forecasts about climate change can only be assumed to be correct with a high probability, never 100 %.
3. The findings of climate science are always afflicted with a sense of uncertainty.
4. Short-term observations of climate sciences can be misinterpreted as trends.
5. Climate is a complex construct, which is why it will not be possible to ever understand all influencing variables.
6. Partial results of climate sciences can be contradictory.
7. In order to possibly predict the impact climate change has on humans, global climate models need to be concretized by climate scientists.
8. New measuring methods in climate sciences enable the investigation of as yet unconsidered correlations.
9. To control for the quality of climate models it is tested if the current and past climates are reflected correctly.
Note: n = 935; response scale: "1 disagree entirely", "2", "3", "4", "5 agree entirely and in full"; α=.84; frequencies are rounded; frequencies below 3% are not reported.
The general trend regarding the means of all five knowledge dimensions remains similar across all three alternative response scales (see Table 2 ). German Internet users appear to know how scientific knowledge is developed, and know about the uncertainty of results. However, less is known by the Internet users about the basic facts of climate change such as meteorological and physical contexts.
In comparison to the first methodological alternative (A1), counting misinformation as negative values in addition to information (A2) resulted in an overall decrease in means and consequently, the standard deviations are higher. In contrast to the first four dimensions, the mean for procedural knowledge reflects a very low level of misinformation. The means of the third alternative of response scales (A3) are slightly above the middle of the scale. This indicates that most respondents reported that they either did not know the answer or were uncertain as to the validity of their, in fact, correct response. In the second response format, the numbers of correct and incorrect responses can offset each other. Therefore, a zero on one scale denotes that either no information is present on any items or an equal distribution of information and misinformation. Thus, method two (A2) as well as method three (A3), which adds further differentiations through confidence, are particularly suitable for evaluating individual items.
To conclude, results across the presented methods of operationalization reflect the importance of thoroughly planned and designed questionnaires.
The knowledge-attitude interface (RQ3)
Different dimensions as well as types of knowledge about climate change such as being informed, uninformed or misinformed, as well as the confidence of reporting information or misinformation, could be linked to various attitudes concerning climate friendly actions. The data collected by broader response formats is therefore expected to have a higher chance to detect relations, which are hypothesized by the knowledge deficit model.
Below, linear regressions indicate that results differ based on the response format (see Table 9 ).
In our data, some significant positive beta coefficients exist between knowledge as well as socio-demographic variables and attitudes toward climate change. The predictors can explain a substantial amount of variance of problem awareness (R 2 = .29-.40) and willingness to assume responsibility (R 2 = .21-.27). The model explains less variance of attribution of responsibility to public agents (R 2 = .10-.17). Knowledge about climate change and its causes is the strongest predictor for all variables that measure attitudes with medium sized to strong effects. Thus, the more people know about what causes climate change, the higher their problem awareness. They are more convinced that single citizens can counteract climate change and that public agents such as political or economic actors have to take action. Consistent with previous studies [e.g., Arlt, Hoppe and Wolling, 2011; Taddicken, 2013; Zhao, 2009] , all other effects are small. A greater knowledge about climate (un)friendly everyday activities is linked to a stronger belief that citizens should assume responsibility. The more respondents know about the uncertainty of scientific findings and the limitations of the climate sciences, the greater their attribution of responsibility to public agents. While climate friendly attitudes are independent of the respondents' education, significant beta coefficients between attitudes and age, as well as sex, were found. The attribution of responsibility to public agents is positively intertwined with the respondents' age and females are more likely to be concerned about climate change and show a stronger willingness to assume responsibility.
For each attitudinal variable, the R 2 naturally increases with a more differentiated response scale and thus more information. In contrast to medium-sized or large effects (causal knowledge), single small beta coefficients are less consistent and vary more strongly from one response format to another. While some beta coefficients increase with greater differentiations, some significant effects that are present in the first option disappear in the second, and some recur in the third. Interestingly, the positive prediction by effects knowledge of problem awareness, as well as willingness to assume responsibility, vanishes with the integration of confidence/certainty into the response format. In contrast, a positive link between action-related knowledge and problem awareness is only significant for the second response format.
Thus, as single, small effects come and go depending on the operationalization, it is not surprising that some studies find small effects and others do not. In light of these results, we give empirical proof that especially small effects found by linear regression have to be interpreted with caution. Thereby, the necessity to intensely consider and choose the appropriate response format for data collection is highlighted. What stands out in Table 9 is that the measurement of different climate change knowledge dimensions is very beneficial. Whereas most beta coefficients are small, causal knowledge is strongly related to positive attitudes toward climate change. Hence, it is crucial to identify relevant knowledge dimensions and to measure those distinctively.
Discussion
This paper highlights the necessity to incorporate the theoretical concepts and in conjunction with the measurement of knowledge in survey studies when correlations between media use, knowledge and attitudes are studied or communications strategies are developed to counteract a lack of information, misinformation or uncertainties among individuals. However, most scholars conduct knowledge quizzes with a dichotomous response format of "true" and "false" [e.g., Bråten and Strømsø, 2010] , referred to in this paper as first alternative (A1). Some studies distinguish between informed, misinformed, and uninformed respondents by including a third response option (A2) such as "I don't know" [e.g., Kuklinski et al., 2000] . Very few scholars include confidence or certainty as second dimension in addition to knowledge [e.g., Pasek, Sood and Krosnick, 2015] . The present study reflects this combination of knowledge and confidence in a five-point Likert scale from 1 "disagree entirely" to 5 "agree entirely and in full" (A3) and climate change knowledge among German Internet users (n = 935). This data was re-coded twice in order to obtain A2 and A1. Four scales by Tobler, Visschers and Siegrist [2012] with items on different aspects of knowledge about climate change (causal knowledge, basic knowledge, effects knowledge, and action-related knowledge) were used and a fifth scale (procedural knowledge) was presented denoting knowledge about the processes of the climate sciences.
The aim of this paper was to present what German Internet users know about climate change and about which aspects they are merely uncertain, uninformed or even misinformed. Furthermore, we discussed how strongly results (descriptive and from linear regression analyses with attitudes) can differ depending on the response format and knowledge concept (A1, A2, A3).
Firstly, it was shown that it is of essential importance to identify and measure relevant knowledge dimensions. A high proportion of respondents in the sample were knowledgeable about different aspects of climate change, especially about the processes of climate sciences and the effects of climate change. The frequencies further showed rather small proportions of misinformed and misperceived. The introduced scale of procedural knowledge has proven to have high reliability. On this dimension, we found the lowest proportions of misinformed. One probable reason is the lack of incorrect statements. Therefore, we suggest that the total number of items as well as incorrect and correct statements per scale should be considered whenever a new test is constructed. Although results indicated high proportions of correctly informed recipients, most respondents reported a high level of uncertainty about how the climate sciences work and how scientific results are produced. Thus, they may have guessed correct quiz answers. The prior focus of media reporting on causes and effects of climate change and a lack in the dissemination of scientific methods is one possible explanation. Compared to the Swiss sample from Tobler, Visschers and Siegrist [2012] , this sample contained much more uninformed and less correctly informed respondents. As both samples were not fully representative, we do not suppose existing knowledge differences between the Swiss and German population. Results may be down to a sampling effect (e.g., mailed vs. online questionnaires) as well as differences in the response formats and thus response options.
Secondly, the analysis revealed the importance of considering different options for concepts and measurements of knowledge in survey studies. At first glance it may appear trivial, but knowledge is a complex construct, which is challenging to survey. It was shown that compared to a dichotomous and threefold concept, an additional integration of confidence about knowledge leads to a considerable gain in information and thus is recommenced on a single item level. A doubling of items is not necessary. On an aggregate level, however, the differences in means across the three alternatives are rather minor.
Thirdly, most of the beta coefficients between knowledge and attitudes found here are in line with previous research, most of which only detected minor or no linkages between knowledge about scientific topics and attitudes [e.g., Lee, Scheufele and Lewenstein, 2005; Taddicken, 2013; Zhao, 2009] . Therefore, the knowledge deficit model, which hypothesizes significant linear correlations between knowledge and attitudes, is often criticized. Interestingly however, understanding about causes of climate change was found here to have a medium to large effect on attitudes. Thus, it can be argued that instead of neglecting the knowledge deficit model in total, effects based on different knowledge dimensions have to be studied. Furthermore, the presented regression analyses empirically proved that small, significant effects can indeed appear or disappear depending on the response format and that the total amount of explained variance increases with more differentiated response options.
Although this study serves to stimulate the discussion on concepts and measurements of knowledge, it obviously cannot resolve the issue as a whole. Hence, some limitations of this study need to be addressed.
As the data for this paper emerge from the third wave of a panel survey, it must be critically noted that this might have resulted in potential survey response effects. Hence, learning effects on the knowledge items are plausible, as well as results that show an above average percentage of people highly interested in the issue of climate change remained in the sample of the last wave.
Another debatable aspect is the chosen response format from 1 "disagree entirely" to 5 "agree entirely and in full". It can be argued that the data collected not only reflects knowledge but also attitudes. Alternatively, a scale from "definitely true" to "definitely false" can be suggested. Moreover, the question of whether a middle option and the additional "no response" option have identical meanings remained unanswered. A possible solution might be to use "neither true nor false" as labelling of the middle or to use a four-point Likert scale and an additional "I don't know" option.
Further, the formulation of questions must be critically addressed. While effects and procedural knowledge are formulated to definitely measure knowledge about what is accepted as scientific evidence by most scientists and about how scientific results are generated, all other climate change knowledge dimensions could also be argued to potentially measure beliefs. Higher means for effects and procedural knowledge might support this idea introduced by Kahan [2015] . Moreover, the conceptualization of effects and procedural knowledge only reflect if survey participants are correctly informed about results and procedures in the climate sciences and not the degree to which they trust scientists.
The main limitation of this study is the comparison of results of different concepts and methods by merely recoding variables after data collection. We hope that our work will stimulate future experimental research.
While the presented gradation is considered to be highly advantageous for individual items, one could critically discuss the usefulness of aggregating both dimensions (knowledge and confidence) into one mean index, as this can have considerable influences on the means. Thus, the computation of two different indices for each dimension could be considered as well as asking two separate questions for each item.
Further longitudinal as well as experimental research on media effects is required. It is of practical relevance to study under which conditions misinformation and misperceptions can be corrected [Kuklinski et al., 2000] and which groups of people can be distinguished based on their knowledge. Those results could also be useful in developing targeted campaigns, which precisely address those areas where knowledge gaps or misinformation are widespread in order to educate audiences regarding scientific topics such as climate change. Furthermore, the role of public trust and deference toward science should be investigated. Especially on topics where public ignorance is predominant, trust or deference toward science could possibly serve as even stronger mediators on positive attitudes than knowledge [Lee and Scheufele, 2006] . Especially when collecting knowledge about the procedures of the climate sciences or when asking what scientific results on causes or effects of climate change that are accepted by the majority of climate scientists, trust in science and scientists should also be recorded.
